Abstract: The syntheses of phenacyl N-(2,2-dimethyl-2H-azirin-3-yl)-L-prolinate and allyl N-(2,2-dimethyl-2H-azirin-3-yl)-L-prolinate are reported. Reactions of these 2H-azirin-3-amine derivatives with Z-protected amino acids have shown them to be suitable synthons for the Aib-Pro unit in peptide synthesis. After incorporation into the peptide by means of the 'azirine/oxazolone method', the C-termini of the resulting peptides were deprotected selectively with Zn in AcOH or by a mild Pd0-promoted procedure, respectively.
procedure compared to that of Wipf [27] did not lead to the desired 2H-azirin-3-amines 4 a and 4 b . Consequently, we headed for 4 b via the 2-(4-nitrophenylsulfanyl)ethyl protected 2H-azirin-3-amine 4c. This route comprises the 'safety catch principle' since the activation for the β-elimination is realized after the azirine synthesis by an oxidation of the sulfanyl group 3 ). However, the synthesis of 4c failed too.
Scheme 1
The phenacyl and allyl ester protecting groups, which can be removed by treatment with Zn/AcOH [28] and Pd(Ph 3 P) 4 /PhSiH 3 [29] , respectively, were the next promising candidates for proline protection. The synthesis of the phenacyl and allyl ester protected dipeptide synthons 3a and 3b started with the preparation of the esters 9a and 9b by alkylation of 6 with phenacyl bromide and allyl bromide, respectively (Scheme 2). A direct access from L-proline was accomplished for 9b. For this purpose, L-proline was esterified with allyl alcohol and then acylated with isobutyryl chloride. After thionation of the amides 9a and 9b with Lawesson reagent, the synthesis of 3a and 3b was achieved by consecutive treatment of the obtained thioamides 10a and 10b and catalytic 2 ) In order to prevent early β-elimination, EtN(iPr) 2 was used instead of DABCO. 3 ) A preliminary test showed that 2 is stable under mild oxidative conditions (TPAP, NMO). [27] ). After chromatographic workup, the 2H-azirin-3-amines 3a and 3b
were obtained in 58 and 62% yield, respectively, as pale yellow oils.
Scheme 2
For a chemical characterization and for the examination of the reactivity of the novel 2H-azirin-3-amines 3a and 3b, they were treated with thiobenzoic acid (Scheme 3). The reactions proceeded smoothly and the thiopeptides 11 were obtained in high yield (93 and 94%, resp.). In the case of 11a, crystals suitable for an X-ray crystal-structure determination were obtained (Figure) . Compound 11a in the crystal is enantiomerically pure and the absolute configuration of the molecule has been determined independently by the diffraction experiment. The molecule has the expected S-configuration. The amide group forms an intermolecular H-bond with the S-atom of an adjacent molecule and thereby links the molecules into extended chains, which run parallel to the [0 1 0] direction and can be described by the graph set motif [30] of C(5).
Scheme 3 Figure
In order to examine the use of 3a and 3b in peptide synthesis, reactions with Nprotected amino acids were performed. The Aib-Pro synthon 3a was reacted with 7 Z-Ile-OH and Z-Phe-OH to give the tripeptides 12a and 13, respectively, while the reaction of 3b with Z-Ile-OH yielded the tripeptide 12b (Scheme 4). All reactions gave the products in high purity and in very good yields (90-94%, after chromatographic workup). Then, the selective deprotection of the C-terminus of 13 was accomplished with Zn-powder in AcOH, and yielded peptide acid 14.
Deprotection of the phenacyl esters with Bu 4 N + F¯ in DMF [32] would possibly be transferable to solid-phase conditions, which is the ultimate use of the new azirine. Therefore, 12a and 13 were subjected to Bu 4 N + F¯ (3 equiv.) in DMF and THF, respectively, but in none of the experiments a peptide acid 14 or 15, respectively, could be isolated.
The deprotection of the C-terminus can be performed under milder conditions if synthon 3b is used in the peptide chain extension. This was illustrated with the model peptide 12b, in which the allyl ester group was smoothly removed by treatment with Pd(Ph 3 P) 4 and PhSiH 3 in CH 2 Cl 2 to give peptide acid 15.
Moreover, these deprotecting conditions should be applicable on solid phase.
Scheme 4
3. Conclusion. -The novel 2H-azirin-3-amines 3a and 3b, which contain a phenacyl ester and an allyl ester, respectively, as carboxy-protecting group, have been synthesized. These azirines represent Aib-Pro synthons, and this dipeptide unit can be introduced conveniently into peptides by the 'azirine/oxazolone method'. The C-terminus of the resulting peptide esters can be deprotected under non-basic conditions, i.e. by treatment with Zn/AcOH and Pd(Ph 3 P) 4 /PhSiH 3 . The 8 use of 3a and 3b as building blocks for the 'azirine/oxazolone method' on solid phase are in progress.
Experimental Part

1.
General. -Reagents were obtained from commercial suppliers and were used without further purification. Solvents were purified by standard procedures.
Compound 5 was prepared according to [22] ). . cooler. The data collection and refinement parameters are given in the Table, and a view of the molecule is shown in the Figure. Data reduction was performed with HKL Denzo and Scalepack [34] . The intensities were corrected for Lorentz and polarization effects, and an absorption correction based on the multi-scan method [35] was applied. Equivalent reflections, other than Friedel pairs, were merged.
Allyl N -{ 2 -[ ( 2 (S),3(S)-2-{[(Benzyloxy)carbonyl]amino}-3-methyl-1-oxopentyl)amino]-2-methyl-1-oxopropyl}-L-prolinate (12b
Phenacyl N -{2-[((S)-2-{[(Benzyloxy)carbonyl]amino}-3-phenyl-1-oxopropyl)amino]-2-methyl-1-oxopropyl}-L-prolinate (13
N-{2-[(2(S),3(S)-2-{[(Benzyloxy)carbonyl]amino}-3-methyl-1-
oxopentyl)amino]-2-methyl-1-oxopropyl}-L-proline (15
2-[(4-Nitrophenyl
The structure was solved by direct methods using SIR92 [36] , which revealed the positions of all non-H-atoms. The non-H-atoms were refined anisotropically. The amide H-atom was placed in the position indicated by a difference electron density map and its position was allowed to refine together with an isotropic displacement parameter. All remaining H-atoms were placed in geometrically calculated positions and refined using a riding model where each H-atom was assigned a fixed isotropic displacement parameter with a value equal to 1.2U eq of its parent C-atom (1.5U eq for the Me groups). Refinement of the structure was carried out on F 2 using full-matrix least-squares procedures, which minimised the function Σw(F o 2 -F c 2 ) 2 . A correction for secondary extinction was applied. 
